Supplementary text. Effect of basis sets/pseudopotentials and spin-orbit coupling
We investigated the effect of the basis set extension on the computed properties of the LGd(NO 3 ) 3 complex. The results obtained for the UV-visible spectra (Table S1 ) illustrate the small influence of the basis set extension with diffuse orbitals. Moreover, the polarizability changes by less then 1% and the first hyperpolarizability undergoes a small increase of ca. 4% when adding diffuse orbitals to the basis set, leading to an increase from 239 to 250 10 -30 esu. Noteworthy, the latter value is slightly closer to the experimental one, i.e. 246 10 -30 esu, but we stress that experimental error amount to about 15%. These results were expected. Indeed, regarding the usual requirements to include diffuse orbitals when computing electrical and optical properties, it is known that their influence is important and can even become dramatic when considering small molecules 25 but remains limited for large sized species 26 . The possible inclusion of core polarization 27 in the case of the 4f-in core calculations was not further considered as we also carried out all electron calculations which take into account all electronic interactions. Besides, it has been shown that spin-orbit coupling may affect computed electrical properties like polarizabilities for systems containing heavy atoms, 28 although its influence was found small in the case of the Yb atom. 29 To check the importance of spin-orbit coupling (SOC) effects in the present series of complexes, we carried out computations in the gas phase for the Lu complex using the ADF package, 30 since the gaussian09 program does not allow such calculations. The calculations were carried out with Kramers' symmetry and the non-collinear approximation. Using the ZORA Hamiltonian and the PBE GGA functional 31 along with a TZP STO basis set, we found that the mean polarizability of the Lu complex undergoes little variation when taking SOC into account, its value changing from 655 to 653 au. We further checked the influence of SOC on the computed UV-visible spectra at the same level of theory and using the Tamm-Dancoff approximation. 32 In the case of the lutetium complex SOC does not modify the UV-visible data and for the Gd complex modification are tiny, the first absorption band being red-shifted from 1.976 eV to 1.973 eV upon inclusion of SOC, whereas the oscillator strength remains unchanged (0.100). 
